
Calculus
Lesson Plan



�Draping the Golden Gate Bridge�

Subject:
• Mathematics: Calculus

Level:
• Grades 11-12

Abstract:
• Students will use numerical integration to find the arc length of a curve

and the area under a curve, with and without the use of a computer.

• Students will use an Excel spreadsheet to perform Riemann sums to
approximate the area under a curve.

• Students will use an Excel spreadsheet to approximate the arc length of a
curve.

• Students will model the support cable on the Golden Gate Bridge as a
parabola, and find the equation for the parabola.  Students will
approximate the length of the cable and the area under the cable using
an Excel spreadsheet.

• Students will write a report detailing their findings for draping a curtain
from the support cables on the Golden Gate Bridge.

Invitation:
How many of you may have painted the walls of a room or the outside of
a house?  One question you must answer before you begin is:  how much
paint is needed?  In your classroom, how would you go about determining
how much paint you need to buy if you were going to repaint the walls?

What about if you were to paint a room that did not have rectangular
walls?  Think of a room with curved walls or arched roofs, for instance an
auditorium or gymnasium.  How would you determine the area of those
walls and the amount of paint needed?

Two interesting artists are Christo and Jeanne-Claude, who make large
pieces of art that involve draping and wrapping large areas.  They draped
a curtain in the Rifle Gap, a gap in the mountains of Rifle, Colorado.  They
also wrapped the Reichstag building in Berlin.  They have come to you
with a proposal to hang a curtain from the cables between the supports of
the Golden Gate Bridge.   The curtain will hang from the cable to the



roadway on both sides of the bridge.  They ask you to determine the
length of the cables and the area under the cables, so that they can
determine the cost of the project.

Situations:
• Where: The activities in this unit will occur mostly in school.  The

activities will occur in the classroom and on computers within the
classroom or on computers in a computer laboratory.  Some of the
activities can occur outside of class, especially if the students have access
to computers.

• When: This project will occur during mathematics, Calculus, class.

• How Long: This unit will take between 5 days to 2 weeks, depending on
the depth and enrichment of the activities and the students� computer
background.

Tasks:
• Task 1:

As a class, students will discuss and brainstorm ways to estimate the area
of a non-rectangular wall.  Stress the idea of breaking the wall up into
rectangles and finding the area of those rectangles to estimate the area
of the wall.

• Task 2:
As a class, students will discuss and brainstorm ways to estimate the arc
length of a curve.  Stress the idea of breaking the curve up into line
segments and finding the length of those line segments to estimate the
arc length of the curve.

• Task 3:
Students will work with a partner to approximate the area under a simple
curve by using Riemann sums and breaking the area into five rectangles.
They will also find the arc length of a curve by partitioning it into five
segments and finding the length of each segment.  This task will be done
by hand with a calculator if needed.  (See �Worksheet 1: Finding Area
and Arc Length by Hand.�)

• Task 4:
Students will work with a partner and use an Excel spreadsheet to
perform the Riemann sum from Task 3.  (See �Step Sheet: Finding the
Area Under A Curve.�)  The results from the hand calculation and the
Excel spreadsheet should agree.



• Task 5:
Students will work with a partner and use an Excel spreadsheet to
approximate the arc length of the curve from Task 3.  (See �Step Sheet:
Finding the Arc Length of a Curve.�) The results from the hand calculation
and the Excel spreadsheet should agree. 

• Task 6:
Students will work with a partner and find the arc length of curves and
the area under curves.  This will reinforce the students� ability to perform
numerical integration by using an Excel Spreadsheet.  (See �Worksheet
2: Finding Areas and Arc Lengths with Excel.�)

• Task 7:
Students will work with a partner to analyze the needs of Christo and
Jeanne-Claude in their plan to drape the Golden Gate Bridge.  Students
will determine an equation for the curve of the cable on the Golden Gate
Bridge by approximating it as a parabola.  Students will use an Excel
spreadsheet to approximate the length of the cables and the area under
the cables.  Students will find information on previous works by Christo
and Jeanne-Claude.  (See �Worksheet 3: Draping the Golden Gate
Bridge.�)

• Task 8:
Individuals will use Microsoft Word to prepare a report to Christo and
Jeanne-Claude.  (See �Step Sheet: Writing a Report.�)  The report will
include: 

a. A description of a previous project by Christo and Jeanne-Claude.

b. A function that describes the curve of the cables.

c. The length of the cables between the bridge supports.

d. The area under the cables.

The report should include a description if how parts b. � d. were
calculated.  The report will use the results of Task 7.

Interactions:
• Full Class: As teacher, you will initiate full-class discussions by clarifying

the tasks at hand; indicate whether you are using a brainstorm style,
where anyone can make a suggestion without it being discussed, or
whether you are in a discussion style, where students can make cases for
their arguments and disagree with statements of others.



• Partners: Students will work with one partner to develop and use Excel
to perform numerical integration.  Students should switch places at the
computer so that both have time actually using the computer.  One
student can enter the spreadsheet for the area, then switch so the other
enters the spreadsheet for arc length.  Both partners should be present to
ensure accuracy of both results.  Results should come through agreement
between the partners.

• Individual: Each student will write a report to Christo and Jeanne-Claude
detailing their findings and how they were obtained.

Standards:
• Math: Calculus

• Students know the definition of the definite integral by using Riemann
sums.  They use this definition to approximate integrals.

• Students apply the definition of the integral to model problems in
physics, economics, and so forth, obtaining results in terms of
integrals.

• Students use definite integrals in problems involving area, velocity,
acceleration, volume of a solid, area of a surface of revolution, length
of a curve, and work.

• Students understand the algorithms involved in Simpson�s rule and
Newton�s method. They use calculators or computers or both to
approximate integrals numerically.

Assessment:
• Worksheet 1 Solution: Solution to Worksheet 1 to aid teacher in

assessing the students� knowledge in performing Riemann sums and
finding the arc length of a curve without the use of a computer.

• Worksheet 2 Solution: Solution to Worksheet 2 to aid teacher in
assessing the students� knowledge in using Excel to perform Riemann
sums and finding the arc length of a curve.

• Report Rubric: Rubric filled out by teacher that assesses the students�
results and knowledge in �Worksheet 3: Draping the Golden Gate Bridge.�

Tools:
• Microsoft Excel spreadsheet application
• Microsoft Word word processing application



Project Tips and Alternatives:
• Tip#1:

Small groups can be used instead of partners if the dynamic of the class
or availability of technology necessitates it.

• Tip#2: Depending on whether your students have had prior experience
with Microsoft Excel, you may want to walk through the Step Sheet with
them the first time.

• Tip #3:
The unit can be broken into two parts and done separately before the
appropriate section in the Calculus curriculum.

• Tip #4:
The research and report on a previous project by Christo and Jeanne-
Claude can be removed to shorten the lesson.  This will reduce the
motivation behind the unit.

• Tip #5:
Students can be given the web pages listed in Web Resources if there is
difficulty in searching the Internet.

Attachments:
• �Worksheet 1: Finding Area and Arc Length by Hand�
• �Solutions to Worksheet 1: Finding Area and Arc Length by Hand�
• �Finding the Area Under a Curve�
• �Finding the Arc Length of a Curve�
• �Worksheet 2: Finding Areas and Arc Lengths with Excel�
• �Solutions to Worksheet 2: Finding Areas and Arc Lengths with Excel�
• �Worksheet 3: Draping the Golden Gate Bridge�
• �Solutions to Worksheet 3: Draping the Golden Gate Bridge�
• �Christo Report Rubric�
• �Step Sheet: Finding the Area Under a Curve�
• �Step Sheet: Finding the Arc Length of a Curve�
• �Step Sheet: Creating a New Document�

Web Resources � Content:
• A list of linked web resources can be found on the Excel Resources page.
• Web Page for Christo and Jeanne-Claude

http://www.christojeanneclaude.net/christo/index.html
• Web Pages for Golden Gate Bridge

http://www.thoma.com/thoma/ggbfacts.html
http://www.goldengate.org/

http://www.christojeanneclaude.net/christo/index.html
http://www.thoma.com/thoma/ggbfacts.html
http://www.goldengate.org/


Web Resources � Excel:
• A list of linked web resources for Excel can be found on the Excel

Resources page.

Assistive Technology:
• Please refer to the Assistive Technology section for information on

methods and devices to help ensure that all students have access to the
curricula in the least restrictive environment.
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